Using fractional calculus, a dimensionally-consistent governing equation of transient, saturated groundwater flow in fractional time in a multi-fractional confined aquifer is developed. First, a dimensionally-consistent continuity equation for transient groundwater flow in fractional time and in a 10 multi-fractional, multi-dimensional confined aquifer is developed. For the equation of water flux within a multi-fractional multi-dimensional confined aquifer, a dimensionally consistent equation is also developed. The governing equation of transient groundwater flow in a multi-fractional, multi-dimensional confined aquifer in fractional time is then obtained by combining the fractional continuity and water flux equations. To illustrate the capability of the proposed governing equation of groundwater flow in a confined aquifer, a numerical 15 application of the fractional governing equation to a confined aquifer groundwater flow problem was also performed.
equations in order to accommodate the long-range time dependence (Li and Zhang, 2007; Rakhshandehroo and Amiri, 2012; Tu et al., 2017; Yu et al., 2016) . Hence, in order to provide a general modeling structure, it is necessary to develop the governing equations of confined groundwater flow in fractional time as well as in fractional space. Also, different fractional powers should be considered in different spatial directions in order to accommodate the anisotropy of a confined aquifer medium.
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In parallel to the conventional governing equations of groundwater flow processes (Bear, 1979; Freeze and Cherry, 1979) , the corresponding time-space fractional governing equations of the confined groundwater flow must have certain characteristics (Kavvas et al. 2017 ): a) From the outset, the form of the governing equation must be known completely. As such, it must be a prognostic equation. That is, in order to describe the evolution of the flow field in time and space it is solved from the initial conditions and boundary conditions. The 10 governing equation is fixed throughout the simulation time and space for the simulation of the groundwater flow in question once its physical parameters, such as porosity, saturated hydraulic conductivity, etc., are estimated.
b) The fractional governing equations must be purely differential equations, containing only differential operators, and no difference operators. c) These equations must be dimensionally consistent. d) As the orders of the fractional derivatives in the equations approach the corresponding integer powers, the fractional governing 15 equations of confined groundwater flow with fractional powers must converge to the corresponding conventional governing equations with integer powers. The following development of the fractional governing equations of confined groundwater flow will be performed within the above framework.
Derivation of the Continuity Equation for Transient Groundwater Flow in a Multi-Fractional Confined Aquifer in Fractional Time
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Let be a Caputo fractional derivative of the function f(x), defined as ( Li et al., 2009; Odibat and Shawagfeh, 2007; Podlubny, 1998; Usero, 2007) ,
Specializing the integer m =1 reduces equation (1) to , 0 < .
(2)
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Then to -order 0 < .
Earth Syst. Dynam. Discuss., https://doi.org/10.5194/esd-2017-47 Manuscript under review for journal Earth Syst. Dynam. Discussion started: 9 June 2017 c Author(s) 2017. CC BY 3.0 License.
One can obtain a -order approximation (i=1,2,3 ; ) to a function f ( . ) around "a" as ,
This result may be obtained by taking in the mean value representation of a function in terms of fractional Caputo derivative (Odibat and Shawagfeh, 2007; Usero, 2007; Li et al., 2009 ) the upper limit value of the 5 Caputo derivative at " " (i=1,2,3; to have a distinct value for the above -order approximation (i=1,2,3 ; ) of the function f around "a". Based on this approximation, for the whole modelling domain in time and space, the governing equations become prognostic equations that shall be known from the outset of model simulation. The next issue is what to take for the value of "a". If one expresses equation (4) with a = -, that is,
10
; i=1,2,3 ;
then the question becomes what to take for the value of in Equation (5). In order to obtain fractional governing equations as purely differential equations, an analytical relationship between and (i=1,2,3 ; that will be universally applicable throughout the modelling domain, must be established. Such an analytical relationship is possible when the lower limit in the above Caputo derivative in 15 equation (5) is taken as zero (that is, = ) for f( ) = . As will be shown below, it will be possible to develop purely differential forms (with no finite difference operators) for the fractional governing equations of confined groundwater flow by following the above construct.
The net mass flux through the control volume in Figure 1 , that also has a sink/source mass flux , can be formulated within the above framework as 
where, due to the anisotropy in the hydraulic conductivities and in the subsequent flows in the porous media, different powers for fractional derivatives are considered in the three Cartesian directions in space.
From equation (5) it also follows with f(
Also for the Caputo derivative:
Hence, introducing equation (9) into equation (8) yields to -order fractional increments in space in the i-th direction, i=1,2,3, , ;
.
Combining equations (10) and (7) yields for the net mass outflow through the control volume in Figure 1 as (to the order of , i=1,2,3; ), , = .
(11)
Denoting the porosity, which is the water volume per volume of the control volume in Figure 1 under 
Meanwhile, the specific storage S s of a saturated aquifer may be defined as the volume of water that is 
Expressing the relationship (10) to -order fractional increments in time;
Meanwhile, using the approximation (5) in the time dimension to the order of , for any function g of time,
Introducing Equation (15) into the right-hand-side of Equation (13) yields to order of ,
Then introducing Equation (14) into expression (16) yields,
as the time rate of change of mass in the control volume of size .
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Since the net flux through the control volume is inversely related to the time rate of change of mass within the control volume of Figure 1 , one may combine Equations (11) and (17) to obtain ]
In the conventional case with the integer derivatives (Freeze and Cherry, 1979), , i=1,2,3;
Hence, it is also expected that , i=1,2,3; ;
Combining the inequality (20) with the Equation (18) Performing a dimensional analysis of Equation (21), one obtains (22) where L denotes length and T denotes time. Hence, the left hand and right hand sides of the continuity Equation 
where denotes the saturated hydraulic conductivity in the i-th spatial direction (i=1,2,3;
10
). Due to the groundwater flow being in the direction of decreasing hydraulic head, the right-hand-side (RHS) of equation (24) 
for the case of integer spatial dimensions. As such, the fractional specific discharge equation (24) 
The Complete Equation for Transient Confined Groundwater Flow in Multi-Fractional Space and Fractional Time
One can combine the specific discharge equation (24) 
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From above it follows that the above fractional governing equations are nonlocal. Accordingly, they can account for the influence of the initial and boundary conditions on the flow process more effectively than the corresponding local-scale integer-order conventional governing equations. Additionally, the smaller the fractional orders are, the heavier the tails become with the increase in time.
A numerical application
Discussion
From equation (28) it may be noted that the saturated hydraulic conductivity plays the role of a diffusion 
